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(54) SEPARATOR FOR FUEL BATTERY, MANUFACTURING METHOD FOR THE 
SAME, AND FUEL BATTERY 

(57)Abstract: 

PROBLEM TO BE SOLVED: To realize sufficient 
corrosion resistance in metallic gas separator. 
SOLUTION: The separator 30 is equipped with a 
substrate 60, ground coat layers 62 provided 
thereon, the first coating layers 64 covering 
these, and the second coat layers 66 further 
provided thereon. The second coating layers 66 
are constituted with carbon material, and have a 
sufficient electroconductivity and protect the 
lower layers as well. The first coating layers 64 
are made of a low melting-point metal and 
formed by applying molten processing to this low 
melting-point metal. What is meant by the 
molten processing is a method that the object is 
once heated to a temperature at which the low 
melting-point metal melts but the substrate 60 

or the ground coating layer 62 does not, followed by cooling again. With this 
procedure, crystal grains of the metal becomes larger and the grain boundary 
density smaller in the first coating layer 64. 
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■fey<U-jf3 0#a;?.*&{b#*?L5 2. 53tt. 

< «Ha*rta**©«a^cc*aTSM{t#*«a 
nadtrs. 

[0050] W±l!iWl/fcSSW5f*«|jt-Sjl!8l4*Sfe*tf 
#ATCS<!:#{Cte. ^l/-jt3 0. T-/-F2 2. a 
1. 2/V-F2 3. 42^-U-i?3 0 (DJO^TJItl 

^ata^tott. e©P54g(c$e>K:liia«3 6. 37, i 

M3 8, 3 9. !>K7'U-h4 0, 4 1 ^31/ 

t. S4tc^-r^if5'^«ai 4^fisrs. aa«3 

6. 3 7{C«^tl^tiHi^J^3 6 A, 3 7A#t&W<E> 

[0 0 5 1 ] i> F^U- h4 0«. 14K^tJ:^K: 
2o©;n;aj§£«§*T<,>.2>. -o«:jB**4;tf*gtj£?L4 
2. fc^ — 3{t^b^^?L4 4r*i. x>K7'U 
-h40<tPS-r-S*gSSS38teJ:C>'«a«3 6{i» x 

> K^u- h 4 o*ia^-2>2-^©7\:«aiMjt;f s&a 
«ci^«©2o©;A:aji«i5ci/ros. c ©&##*« 

*S?l4 2tt. -fe^-U-^3 0©{f^.S*R*4^^7L5 0© 
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#(Ctt. «Sf4^«i|&?L4 2<«:ia^L>iC^W«^Sg 

n. *a 'j v ^tmnii^im^^nmc 
msztxz. isistc. ^k**x«i&?i4 4«wie-fe^-u 

-* 3 0©a^--5^b^X7L5 2©«tJ3fc^{C3*Ic;r-5{4 

c©a<b*/x(fe£?L4 4 £HinU&i,>BMb:tf 

±#881;* n. mmz^-r zm<t# z&tiim&imm 

[0052] Sfc. x>F7U-h4 1«. i>F^U 

- h 4 0 t ttA&&ttacc. 2 o©^aj§-c*-s«s$4^ 

*gffiH?L<!:iHb:*;*8ftti?L (0*jrti-r> iiix-C^ 

5. i^»^3 9 . *a«3 7fe$/cx>F7 r U-h4 1 
£H3a©&g(C. -etl-etl2-5©7t«3S?:Ji5sSb'CC^ 
£. i> F^U- h 4 1 #«x.*7A$|j£© — 

i©tf*Sl5K:MiD-r6tea{ci§POru-5. &5-0© 

zmittf xmiMLte. -fe^-c u- ^ 3 o ©a*. 

20 SBMfc#X?L5 3©tfi5tiSPCC*ft&r^fiffltcraPUTI,» 

s„ a$iaiik*afE3-&s&&<ca. jjE«»4^»m 

f b#* gfffl ate tiETK L t >Btf b gFm«s*s®a ? 

©ij£88-c*^«S?4^^iJ£S82 4 P £*8$M/*«*&v-* 

*«. cn6©^ss{c<fc->-r. (^^©rtSPTB. ±bb 

«^*«ijfeapit6t«t-5«t5(caaur« / »-5l « 
30 ^atfe©rtse«:«. eu$L/fcj:^{c. a-fe^rt©ai8r 

a^b/7'xgfav-*-^ Ft^jgfissn-cc^^. cn 

6©aS88CcJ:oT. j|^*4a?(b©rtaJ-C«. ±fE^fb^x 
P^L4 43&>6»Yb^^PtiJ?L*-C©raB, mttiXiV 

[0053] «Jd»MLfc*»W*»6<C*^f » 

i4«. ^©aa^ri*j«:»T5e©jfE^*i*>*>-5ft:tJiagr 
«s»aris*j^)isr^. ^ 9 v zmm. 1 4 

40 [0054] ifcCt. «±© «k 9 «c«W8*«* WjRRa* 

6. x>F7'U-h4O{c0^$n/cj^f4^a4 2?r 

Hm^fia7i*-A- F*/hLTSa-b^2 8 
*ia^*«Rf4*'Xii£g82 4PtC«$&$n. &a-fe^2 8 

©r^- Fffli-cit?f-ria^b^Sf&oc«$n-s. m*4 

lti-7-^-JUFCC«^urx> F^U- h4 l©*8f4^ 
50 *?L4 3(CjiU C©jg$?4^X?L4 3^6i^*4a?lfe©^ 



[0055] mmtcmittfxtt. ±&istcmiz<Dm<t*j 

zm#&i&fi>t>. i>K^U-h4 0(CM?hfe^t 

ji/ 2 8 ©# v - m i-c ittf -r * «^{k^si&K:« 

3n4 0 Kft#Xi£S82 5 P^6gfW3n/tK<t^ 
». ^b^XgEfcH^-*-.^ FKi^l/Ti> F^U- 
H4 l©KfbtfX?L4 5&CilU C©Kffc:tfX?L4 5*> 10 

e>±iSf?r3£©BMb:ffxgf aggecgfttj 3 n 

[0056] (2) -fe^b-^r 3 0©*&JjS : feTRC. ± 

lejK^Srte^ii^i-bxu-f 3 0©^fi£«:o^r3ii« 

"T*. -feA U- d» 3 0 «. gE&LfcJ^tt, SSSB6 0 
i. Tiife3-h^62i. £Jg:3- hJI6 4 £. *-«f< 

-* 3 0©SBiXS*ato-rgttl8Hr*S. 
[0 0 5 7 ] *acU-* 3 0 SKSJCtt. ffT. 

X f- > U X ©ig«£tSt£&-JfC :/ u x-r £ c £ «: J: o r . 

-eowffitc^coooeijf^^w-r sassfl 6 o * jjs&-r 20 

•S (Xf-vZfS 1 0 0) . CCT, r/UXJjftfcfC.fc^-C 

0fiX3niIHei^tt«. — * 3 0 £jB**4S?feK:«. 

5P£ff5j£'5Jii6£ft-5>4>©-C&.2> 0 ^f-^SlOOlC 
*j (, >TX f - > u x«£tRtS#jfc 7"^ LT^rSOIHCi^ 

C>SCi*5Tt-5)„ 30 

[0058] -xic. xf^'sioo ■emca«gi56 0 
^Mormmmm^mo. s«8B6o&iifiX-r£x-f> 
ux©iiicM3 ft/c*iW£Ji£i$*-r t tec. 

^8&SUl*^*U/ciK«gP6 0±ic. Tt6=>-hJf6 2 
*&f&-?2> Uf?7"S 110). ^7->l/^B, -e© 

Office, «^tt*WL^t,^«is§®^fiS3nr^^ 

fc^ttsi® tcssa l> r ; •? u - * 3 0 ©a£«t?fe#<gT b 
tu^ (*fiegu6 o±(c$6{c^fi£-r z&m^- bm 40 

6 4 <b ©fa©£BiJg£irts±S 0 X L £ 5 ) ©£Efi± L T 
OS. ^H^flJ-CttTifta- h)l 6 2 £~ * -yjUJCfc o 

«. S«SB6 0±«:^nJfi6-C*o-r > &&T£<t:5K: 
413- hJ16 4*t»R£-rS^ilcfc*) 4>3fc^{CHl.^K 

&«fcc>„ mtf. ISfc£\ ^*>4l:4ffti*'J:r)'h3b>& 

I?:Il»5C4iLtWl,>„ T«3-l-i6 2 

«. ®S«>olr. &mBS«>-?£©t,vrft©;fra&c<fc-or 
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- h S 6 2 ©il<*tt 1 OtfmiUc 
[005 9] TJ6=J-h@62*Jgfi£-r4i. ^(C. * 
©SEEK. XX£tXvXjfr>6ft£^#-7#JI£JBJi£ 

^■5 (^f^^s i20)„ c<D-£&ib^$mi>, mm 

* o # * s c > o If <t 4 ©;£&tc «fc o r ?§g ec 

otMLfc. *XtfcWCt*. ±fB#-?#B©Jl#tt. 
1 0 umt Ltc, 

[0 06 0] ^tc. Ti6=»-MS6 2£Wr£*«gB6 
Oi^RSL/ciietoo^etcSsfUT. ^iS*!iS€:S6-r 
(^f?^S130). ±IEJ?)o#@«r«f!SriXXi 

grrSCiCCfc-^T. Tift3- h®6 2*sJ:0'aSSR6 
0 (Ci3B??:#^ -5 C £ & < ±iBA -> * a*«lfi£-r 
/dW4SS3t4Ci*r*5. xX©^fa6SS«2 3 
0*C-C*«3. ^©^Xi K^7X©K^K J: -5 
^©^I4SSW^t-r-5*5. ±^S>o*H*«fiETSfi 

[0 06 1 ] X^-^^'S 1 3 0 ©wisirij, 

«Ba$#/c#js©^^f^c^. «s6««i-c«» 
■a-fc<*o#]i^«^.iS«sP6 0 &mmspicmm.L. m 

*5S@Ut:%s^Jl=i- Ha3&i«i^S^«<gS©©^:# 

^t^c^c£CCJ:o-C. W&&£0. lmm«iiL 
fc. CC-C. «9>o< 0 £f&ai*fTtt5 (^©) ^ffi£ 

■C^5!i6«£'©J:^Aj:^^oT^m^ ^(ct?) 
-5 < K) £*%£P£ffft ^ c £^-C*n« t jfeS&©¥^St 
1 mmfe{±«:fiSfi3l±-5C£4>Die6-C*S„ C© 

A€T^Ste?r[I^S^J|n-h@6 4£/j: 
[0062] ^C*J. C©?giaA!ia«» 3t«-«:^t*Wi± 

tuxte. a?>o#Jl*^ai-c*-2,iae©^'/>>i'4i(cSz» 

±&w&tc*si.*xftmi,m>'b<Dfr?>. mz.a. 

[006 3]^S3-H644Mtl.i. -£©«® 



15 

JUS. ±ttHIS&<f:-*W4Ci*i-C#. 

tf. ^5 L U>-^^Jxx>rfA (SBR) . y^;U=fA 
, ( I I R) . x^U>-^dfU>=fA (FPDM) . 
7?fiA, -HOUrfA (NBR) . funv'utl, 
(CR) J&i'*W5Ci*5r§5. cn6«i 

«&©*>©£«*£*>•£-?:. A-o^iLtffli'ntfi 

JI6 2*5J:0'£JS=i- HI6 4£Jfc*!SLft:S«S|S6 0£ 

0«rHU *7-#>=i- hJ16 6©J9«&tt, 4 0/imib 
fc. 

coo64] ±mi>tcmwv\t. s«gc6o«» 

T'UX^tcii.t, *K*4*/*ifcBS2 4 Pto&ZFmtrt 
1 TfcJ;^. flatf. -#©ffi«:j&i|5M/;*ijfE8&2 4 P£B 

ffe©iSil:Ill/, cn 6 2 O^b-a-* 

[0 06 5] W±CD«fc i 5CCl«j£3ttfc-fe;'<U--*3 0(C 
Jctitf, *7->U*#>e>&-2>g£8|56 0£S-o"C. mm 

fc. C©<fc5ft^U-*3 0£ffil>T**&^£#J!£ 

[o 0 6 6] m.m-i^^ic, 96m*frii->xi>&im 

•fe;SU— £ 3 0**{t;t£:*7-#>n- KJ16 6©<fc9K: 
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o) wxmicmft m&ic£r>x&mt>u *^<tvx& 

[0 06 7] jK^{Ccfcor^M*J-r=t->{fcbr^m-r-5 

mmm'picmxLXLft^ctv. nmniM&<Mz.z>j 

10 ^>3^» <*->U*>KS) {C_tf&£J!-f:*:>#3l#3F 

tt-te^U-*©i»S£©fiT («MSJn©*tA) 
ifac-T. 

[0 0 6 8 ] *SUfiW©-b^'U-^3 0-C«. *7-#> 
3- hJI6 6©TWJ{CiSW^S3- fiifc 

20 M164g#. $6(c«^-©TffliJ©T«k3- hB62te 

j^sssb 6 o ±tejgA*stf r u * 9 ©^^tc 

«Ji^Ci*ir#S. $6(c. #Jg*6#J©£lli:3- Ml 
6 4«« M^ilt, XX#»TWJ5:< 3e>K:f 

ffl£«6t//c£Jl:3- HJ16 4 £»£&£©«£>*) icon 
[006 9] CCt. *-5j?>3- hJ16 6©it!C-5 

30 /tJ:^«:. ^tt**^ ^(c<fc o Tfe# $ -if r^«c 

0. C©*-^>3- HB6 6tt. ^Jl3-he64© 

^ffi*iiL««m^?fe©rtg|5ia^{c: $ 6 $ *i 4©*SS^T 

h»6 4±tC^7-^>n- h®6 6^I9:^-5C 
iT. ^3-H6 4O*Iit^U-$3 0OiI 
(*-^>3- HJ16 6©^®) i©P^tC«. Hftts.? 
V. h >igg^E*i^ D » -fe U - * 3 0 ©JSB©S^# 
pH2£ ft -o *-^>3- h®6 6(CSt> 

40 nfc4i3- h/i 6 4©affi«> «-s^«:e^ft ( p 
[0070] jmnttxDftsmmzwi&it-? zmmt o 

so ^©//^gSffi^cfc^^TKctiic^uiur. mm&m 



t-&Wt£K£urx;i'*>&»£<i;l c©@ 

[007 1 ]ft*$> C©*-#>3-hS6 64«fiJL. 10 
S£*rOT 3 6«C. 'W>y£©JtiB 

*^i/-ct> c< as©***!** ccifas-r**^*!**** 

v fflJ©B©K6*?l*iac-rte*n***S*s. *Xttffl© 
■fe^U-j»3 0-Ctt. EBSt/cfc^K:. TWJ©#g3- 

h s 6 4 fcjgiKass o AifiikriuuR-rjBRrr sett. 

£«tc. ^JS3-H16 4«fc»)*»TflW©a*«ig^UrO 20 

*5©£^#«:fflJ*.5c:£#-cfr.s. ggR*m£><-<> 

I » -5 «ftttife©iMltt 4> £ ft 5 . 
[0 0 7 2 ] K^t****fll?lS*-^>3- hJf 

6 6tt. ±£l/fc,fc9<C&jR=i- HJ16 4(C**W-SJK£ 

©«*T*^#tcfli;i*£i>5&*K:flnitT\ 

3- HJ16 4Sr^tf<£«5rtWJ©Jia>6?SffiL/cig£K: 30 
. ^LT^U-^fcgftfJSft*©*^*^^?!*! 
^R{CJ:or^lS3-hB6 4*^L < KXttHtff 

©JR£©ittT*«J*.*£*K:. flfcStc£b&&0|4*> 
{ceHr-5WJH*^U-5©*Wl^.*Ci3&i-C*5A:». 
C©J:5£c-k^U-£3 0£ffl^£C£-C. W^&JCS 
*lfc*K£fm?fe£f#£ C £ WV* £ . 40 

[0073] S6(c> *mmm<D-k'*i'-$ 3 otctti 

ffll>;/d!&Mlife£ft©=i* h*i±^l/-r# r S©«rfflJ^.€. 
C £**-?£.*>„ 

[0074] Sfc, C©«fc-5«:^^|$rfflt,>rK:t^-U 
-fiiSStiCtKioT. ©3««Kr 
£\ «t0Tffi!l©B-CKA^iltf-r4©«rfflliS«li*«r$ 

6tciS#-2>c£#s-cfr.5o ■4*><tmfo<Dmts:Z£m& so 
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«#u-c^#©n«:fias*^oi»^{c« t ^#©w 

©^jg{c*jc^TJ:«3Jgld*siitf 

£ ttSB £ ©RB © * >ftti(ffl©&tfih3 < 0 . * 

[0 07 5] 3 6tC*3Ufi^©-fe^U-^3 OtB. & 
JS=J-hJI6 4£S«8|56 0£©(BKC. T*ft3-hJ16 

tc j: o r £ m u r u i 5 © $ e> cc 4 

Ci*!T*5„ #o**£SCCJ:oT^lj£l,tat>o 
^n^tfiiBf-SO ^Wl/tfcO, c©#>^#©5 

pg * ft 1, x tb o # n ©rffli©Ji cc *j c > r fig 6755 it ft -r * 
h m 6 4 cc *j w -5 j* o # © 5 ^ n ^ j«-r *£ ^ 

tC. 3 6(C-e©TWiCCT»=i- h)16 2*a:^-5C<!:(C 

3 0^©W614?:5t^{C5i«L.-C^-5. fc<!:J:*K * 
-^>3- h>16 6 3- ha6 4tCj:-5r. 

s«gP6 o^^tc^ai-rsci^f^sj&e.^ Tt& 
-7 x h n & * o * n zmfc-t z> c 1 1 v r t> ^ 

[0076] $/c» *HlFS©tn-U-ii3 0T(3:. g 
£'«: J; ^T^-r?> C £ £ l/ttiO. 

[0077] @6tt, mmtm*ffi*.z>*j-#^^- v 
tx^ic. *-jj?>3-h«e 6«. jys»^i5i±©ra 

EtSSnr^cti, c©J;^«:*-^>3- Mg6 6©J1 

3 cc to -5 r gs^tm^st ^igsors**JS^, 

te^ra©^ra«rSist)ic£{cj:-5r. ^*^ra©Eira 
^aoT**ias-ri©*fi«±Tet9:s^^cLri» 

•5. COJr^tc. ^fi©/N*^>^fflt^c£{cJ:^ 
r. ^|a-h@6 4CcgrfijaT£*©S ; fc?c#K:}qi 

^.SC£*ir# > cn«CJ:oT-feA-l/-$3Oi«:0B 

Att*(Sl±$#-5C£*ir^5. Ltcfr-i-C, 

3 - hJ16 6*s{f^-5^3R«il4©fi£''<-C>f©fi£ 
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[0 07 8] tt*$. -hr^U-£3 OCCfc^rti. *R*4m 

m*i v mm? z> mi t tm-t -s mmd&m mm&wm 

j&st*tti>. */u — *©*mtt«cw-^Ltti^iS-c 
©&«;i£^i/^©]&ft£m*a&*£©£c£#-c 

#-5. h@6 6 10 

5 /c w r /* v > m i >tt < r t> 2 t» toe * s « -5 c £ 

smifi*ttiBEfi5t^-r-sc<t{cj:-oT*-^>3- hme 

6 s c t i> pjm-c $> z> . 

[0 07 9] (3) £JSn-hJI64©#j£: fcTFiC. 20 

#Hj£Caj©#Jg=i- hJfe 4©J:5tc. fiMMttllfctt 

xmmrni*. iSM^^s^mmm-r z c t tc <* o r . 

£J5©C££*K — jtttCM:. Hu&j&J 5 0 0 

i»*«*»-r. c©«fc^%®at.^#s(c(i. m«. a& 

IS (Zn, N$4 19. 5 *C) . §3 ( P b . R£ 3 2 7 
*C) . XX (Sn. H.£2 3 2"C) . txvx (B i . 30 
H£2 7 1 . 4 -C) . * F 5 fJ A (C d. HL£3 2 0 . 
, 8*C) *K«C*iW4{SfflL*^JSi», « 

' «a56 0*JgfiSrS^JSJ:")fcBt**i[g< > KM b tag 

CC. C© J; 5 ttigBSJftS^fe-r C i*SoffigttaiL*©iat> 

[0 08 0] 0 5tC^O/c-fe>»^b-^3 0©SBgXgK: 

7 (A) tt. TJ&=»- 2±CC. XXi^77© 40 

A£tt£. 07 (A) Ttt. ttttA*»6(5;.Si6o#/lj!>i 

ft «6Btt©^^?-*#UTat>0A:. 
[0 08 1 ] C©«fc5ttJ&oi*JS£Jf5lj£L/c»«SB6 0 

«a$6 0±r*jwr*. *«©BR«cta: v ±EattA*& 
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«J©«lfPK:J:o-CS@-r-SB5fC. E7 (B) «C^t\fc5 
lClfCF&JSAft&&&. 07 (C) tt. ^Ut;<l/ 

- * 3 0 ©affi©«^*^t>-r . 

[0082] c©«t 5tem&ti%t9<Dj:m*&tsmm 

3©*r. S»?-^/c^l*^aiLT^$#-2.^©^ 
£P©afi«c iot. * C&IS Aft i tt r>.fc&M =i - h Jl 
6 4 *#Ji&-r-5£Jii©*gA&©:*:# 3 #5£* ^fep^r 
•9»o< D*?tt5«£\ 3 ft 5ISA&©;*: 
<tt0. ±l^lig0«©J:^{Cl£M4'T«>-o< Oi^iPT 

5. c ©##©:£&«:. e&r 

< . 3f5£©tiia»*-C <t 0 «8®{cSS'gS-r itt i'fte© 

teiP£*Ttt5c<t£-rft«. ±SL,fc«t^tt*n^i^ip 

©I«jfr6J£££S4Ma£*rrc£tCj:oT. Slim- 
*ttt&g> «*.« l mm«±©eS*^fOifese^6 

^HtSAB. itcailiiiAittS. 
[0 08 3]«2t/fcJ:^«:, #JS^-hB6 4B. * 

£gW£:|B-e-n#**#. ^jl^- hJ16 4tC*Jt^-C^ 
JS^ H B B ie©^*>6^fc^iltfT.5o Tttfc^ ^IItc 

«wtt^js©*ss«® ifi tstiz mKDWfi . sfSttTji 
?iK <ffe©7cigijgit.*iicb^-r<) Kfk3n^>-r 

L//c*lo-C. ±SB|gJfifff©-feAU-dr3 0*iffi^.S 
B6 4©itKfkft ; 5:lS]±3-e-SCi^t , #-5„ C©J:^ 

r, -b^u-ji 3 0±{*©i»mi4*sffiTi/j^mrfe©rt 

[0084] £!L£^&£ltt^t,TttAtt«** < 

xc»ff&90»6Sffr ±iei//c<t 9 ecjstc;tt©iSc> 

©^©ffiS^S^r^Cir. #iSa- HJ16 4tCteC» 
TIS:£aiM*rr£©£P;i-5C -So ifc. 
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2 -?>g«gis 6 o zni&-?z>£mwi8to? zozm*.* c 

[0 08 5] <*6fc. ffik££Mfr?>f8.z>mt l c*iori& 
£B$0T«t*{bL;fc£JS#^3ftsi£{c{;£. 

z>tcv-ci>z>tcsb. &imnnmi$icmm-c3b?>. en io 

m&Wt t*Ztc#>. c ©«fc 5 fc|gji 1 &i5fcfc#&-r s g r 
ttM^©R8&ctt#o*&#?F&-r-2>. LfeA^r. C© 

ttl?©1^tfJ:9flttttc&&e£K:,J:o?. K^U/c* 
•3?©; *aXP§*BU«U tM£*hl/TTM©JI (T 
ifi=i-hJI6 2*>ai£g|56 0) ftsJte*«e*S©£»*. 20 

[0 08 6] *H*t09©-fe/<U-5f3 OTtt, £ 

H3-h»B 4 l/T. XXit 

©7n*«rig#i/rfflt»-5cit?. -en-en *w*-cfflt» 

1 it*. XX<fc^X-7*<h^>y>)A©5^©ffig©2a 

m. xx<ttR. *x£ttfc£©^**M*Hio-cj&« 

J»»tjl4C4*«T»5. 

[0087] 3 etc. iMzofcjz'iicm&OTcmzmfr 

^*>^T^JS3-HB6 4*»fiS-r-5tS^{Ctt. S&2tg 
»l ?aR©BMk«f©i»«ttJ:»)t>ISC»iiOtt«* 
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C©«t5^:«fiSK:-r-5c«i:K:«fcoT. 
e^i©Kffl^*sj:»)^n{S»2©7t^«^|n 

- h®6 4rtr-fe^-u-*©^Sffl)tc^ibL/t:mi7c^ 

<b«J©3l^&ai3r 1 7csR©Klb«9©igSttJ: *) 4>iSWtt 
»A£C Wittf. *X£Sfll 7cf£<fc U 

>s^a£S&27c3R£ ur^jsn- hme 4 fcj&sw* 

tub. c<D£5tj;$hg:&nzca&x$Z. c©<fc-5ft 

oT^JSn- h®6 4?:JgfiS-rS«^{C*>f#-SCli7&i-C 

[0088] @8B. ±ieH*60«©-fe^U-£3 0 ±m 
^©^RS^W-riHz^U-^-C^-o-C. £Jg:n-hJf6 

4*a<f©^#rf^«ii//c-fe^u-^ (citLr. w&o> 
^»-o#-c^i/r^aWftai&*63&*>ofc*>©. 

u-£B«> ±GXlt0V&IQttt<:. xxitx?x^ 
tc J: o -C£ Jg n - h Jf 6 4 0 -Ci§Ii*aS£ SfiL/c 
fc©. -fe^U-^CB, XXiKX7Xt©^T^I 

3 - h®6 4*jf^Lr^fSiKis©^iP«f{c*^ (Tkcc 

[008 93 iBBTr^a&SiW:. ««*4«?fe©rtgRg^ 
ia«L*:iWII*«:»f30»IIBS6-rcir*»). CC"C 

». -en-en©-fe^ , u-^«:*tLr. (8 0*o tc 
2 4^iaiiiaw*4c>9«a*jtLyt. c©j:^tt*aa 

f©SMffi!n©8'J^«. &izs-ils--$>k. m—tfiszu 
X 8F«3T|»ST*SPtt"C*5^Xj£ 

L. CCJCJESiJK ( 1 A) «ritLT€-©IB©SEI«T« 

fc«ia©Bij^-C©fitnffi (^ttBS^^Dfcffi) ©^fb 
^rPI^/c mQcm' ) „ !38(C^L//cM*^ 

* 4 *'xS£SJ^@i £-£ntffc±#©&iafif £«U5£UT 
*i»). ^^U-$%WfiS"r^)S*i^bT-2.C£-C^G 
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[0 0 9 0] i8(CSl / fc-bAl/-?Ai-feA|/-$B 

£{C«fcoT^(C?SSC£#r#-5C£#:fea>£. 36 
tt. Hz^U-£B£4z;-tU--£D£CD*S:SJ:»). =&S:3 io 

- m 6 4*#^s<sii^ji£LTSBi^-c*s 

* 3 6 tc IS* S C £ *J r # S £ b »9 C £ # T # -5 . 
• [009 1 ] fr*J. i8(Cwl/fcS-feAU-iiO^, 

AU-£B«. PI D < 0 . lmmr 20 

u-*c«. i5D<tes&w^ftgtt&+Mmr* 

J: 9 *i*<-rsc£«: J: o 

a*?f & 5 c £ ccfc J: •) < r £ c £ 

**». ±iBLfc<fc5«:, JSA&(D^8ES« 0 . 1mm 
tLh£-rSC£-C. ^U-*©JfMJgta£«l*S±-C 

[0 09 2] %*. £■=>-- f-M 64 30 

^*£C£K:J:oT. £Jg3- hJ16 4g##K{tO/c 
♦J^aU/cO-r-5©*«lA-2)£StC. J: 9 TfflJ©JI£*& 
j£T&£JSas&ffiTS©£m£gfc$0/c®m£f§&C 40 
£#-C£S„ 

[009 3] $ fc> ±fBJHfeffl4>-fe'* U-f30li, 0 
StC^L/cJ:^ *«SP6 0feJ:O*T«&3- h®6 2 

h IB 6 4 *mir «> o # £ iSS&MS £ £I5|B$&Ut 

?i i 5C££L,rfcac^ CCDJr^fcKJg^&S:. 16 
ttMO-b^U- jr3 O«DSit*a©^09£ LT09K 
7fcf. mQiCrnl>tc^^V-- £3 0©$&i§XSti, 05 
CCtt L/C 42^- U - * 3 0 <Dt&§Xg£ ttlXHflttOXg* 50 
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hfcZW. 05©Xf 7 ^S1 2 0i5i^f?^S 1 
3 0tCK^.r. ^7-?7"S 1 2 5 £L"C if 

[0094] «at«>-o#£« > XfaLfc^ccsb-^n 
©^fiS£^a*tea£*^(ctf«c ; 5tea-c*o. swe© 

3. Xfe^inssw©^jgwc*409©-fe^*u-af3 

0 CDS?jSigr«, T«3 - h m 6 2 Z&GL Ufc»«SP 
6 0*\ *X£t*vXj&>6/$£ratt©£l&£Jg'*'K:« 

[0095] COi5K, m9tC7j%LtcM&Jj&lCJ:-y 
T-feAU-*3 OfcSS&O/cii^fCfc. ^Ia-H6 

05{c^t/c$8jg^Ccj:-5Ti8jtL-/£i-fe^-u-^ 

3 0 tm&<D&>mzmzc £*s-c#s„ 

[009 6] (4) -fe^U-^ 1 3 0©«RE : sfejg^- 

H64 «r«tfiR-r^<s«L*^ji*i, mmttt^tci. # 

t:Kfb©jitf ; &Pi-5£i^«^tc*n^-r. 36JCWT 

©J:5)S«fi££-r-5C£fer*-5. il0», m2HS6 
U-£ 1 3 0©^fiS?:^-rSiWH-C*-S„ 0 

1 OJCTK-T-tz^U-* 1 3 0«. sglUfiSBRIccHrAU- 

^ 3 o £«(335i«i©«iiS^wu. mm<Dtimmmtd&& 

^mt^m-Ti>. — Z 1 3 0«, -fe^sU-^3 

0(CfcW€,^S3- h®6 4©Rto0lC^n- hJg 1 
6 4«r<t^.ri^. CO^l3-H16 4(J, #Jla 

- hJ16 4 £PI«{CfiS!lLA^«-C*.S^X£ t^-7^£ 
©^£rf»6Ji£9. ^ISA!ia?:Jfi3nri»-SA5. 3 6K:. 
^fltt^l 6 5£ftgPK:#tfcL-C{i*-Ct>.5> 0 413 

- hBl 6 lififfiZZiimmiL+l 6 5«. ^13- b 
Jf 1 6 4©affi (*-#>3- h®6 6£«ftt-r^ffliJ© 
^M) h^l 6 4©f*3gP(C^/c-5r|t^-^ 

[0097] 1 6 5 ». -fe/SU-^ 1 

3 0©$?jSXg{C*$<,>T. 4>St»«. tA|/-iil30 
«rj^*4m?ibF , gS6{CffiSty/c£#«C. foJKcS5E-C (H^ 

HW>^Xf >, UtOy'JA, ITO 
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[0098] C© < £5fc-fe'<l'-* l 3 0£rS£§-TStC 

«. ig5(C7nLfc-fe<"*u-*3 o<DS?i&xgK:*sc»r. 

»ffigB6 0±fC^Xi fcTXvX £©£££>-? #S?r^6S 
f -5Xg (^f^S 12 0) ©ftfc>«5ft. 3*St*&^- 
1 6 5£#ffcLfc;*X£t;*-?;*£©^is{>oSJf<£J& 
J&T£X*I£fTfc;U;rj:<,> 0 COJr'J&IgTIJ, 09*. 

£f8ttj(ci?fSfi©*St4&^ 1 6 5 *m-£LX 
*J< Ci-C. iSS1±«HFl 6 S ZPi&lC ft&m$LtcX 

co o 9 9 ] f^±<Dj:^icm^txtcm2mmm<o-kJ-i 

1 3 0tC<fc*l«. •fe-'tU-fOKftiCiSSteffi 
£ COWU-^l30l;ffll,» 20 

0. iz^u-*#K<tTSciccjt§HLTj&m?fe©14 

[0100] tt£t>%^ il3- hJf 1 645ifiJ-r5 
1 6 5£#tfc«J#-r£CiT. JSHttfiT- 1 6 5 (C J: 

■cmn&zmmu> ^13- fs i 6 4w:*jc^r^t4 
-hii6 4B. tmg&mz&mMkm? s c <t -c*sn 

fc «fc 0 (Cil3- h S 1 6 4 (Ci»mt4&^ 1 6 5 
SttSKStCW:. C©ilM^16 5*. 'J>t£<£t>X 
K©6 6£©l¥ffi&c#ffcS#;*t{-.5c<kCCj: 

gf/c. hll 6 4*i(i*.S 40 

mm&$L* i 6 5©stt. -b/^u-if i 3 otcnubzti 

£*£Hf4©8&-?>. 3M814»^1 6 5£<i*.5£JS3- 
FJ1 1 6 4©^fiS©^SCCIt.CT®^3£^n«J: 

[0 1 0 1 ] ±ie®2SUS0!|-C«. 3S1i1?fe&^l 
6 5£#fifc£3#-r-5&H=i- FJS 1 6 44xXta7 
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rtk©rtspt^{c*jt»r^<r K-mufimi? m^ti&ab 
z&m&&m-c$>tnx. mmmiL* 1 6 5 

[0102] i/c. ±IBS2Hifi09-C« > £JSn- HJf 

1 6 4iSKg56 0<t©ra(CTift3-h@6 2*a:W/c 

tt«ss6 0©:^tt^/d^gag&9-K:awntf. * 
6 0 *!&s*s& i> 

Uhki. »«gP6 0±CCiSg^J||r3- Ml 1 Q4*WM 
5 C ££ L-T C©J#£{Ctt. £J3=>- Mg 1 6 
4 £/H,T»«S&6 0 Zmfitt Z&m&mftlCJ: oTiS 

m-r£©£ftK*/c«>{c. ^js=i- he 1 6 4*%mcm 

[0 10 3] (5) -te^-U-^2 3 0©*#J& : ±S2SI2 

njfi^-ctj. ^sn- hji 1 6 4 tas^-cmw&ft.* 1 

6 5£#fft#8$t»-SC<!:-C. £JS=i- MI 1 6 4fC*J 
^13- HJI 1 6 4 MI6 
6£©#Etc*j<,>T. SMfiln^Jt^:t--5©*ttl*.-5C 

tauten*. mtt^mmiC^^xtKD^^fiwmtK^ 
«i*.-sc<!:fcDitir*-&. hi i«. m3mmm<D-b^ 

U-*2 3 O©«fi£*^*Dt-|ttW0-C*-5„ -fe;-CU-£ 

2 3 0H> 3nHJS09©-fe^U-£3 0£{il3n5M$©«l 

»dt*wu. ^«©*«*4^tfeic«^ji$ns/c*, 

/<U->230«, -fe^U-* 3 0±|5)«©5&Jg3- h 
l6 4i*--1<>3-H6 6i©raK: > Mi 
2 6 8*it*rC^-5>. C©it3-H2 6 8«. 

a ir. a^. o^^A^ct-) g5/c«. ft^wtc« 

3£^««t4-fe7 5 y i'^l (T i N, CrN, DLC 
[0 104] C©«fc5ft-fe^U-*2 3 O^rl^r-SiC 

«. HSic^ufc-fe^-u-^3 0©S^j£lli{Ctel>r. 
^l*A!i8l(C«tor^S3- h@6 4£ff2l&-r£I*I 
■f?7'S13 0)©t 1 09{C^L/c-fe/^U 

3 0©S5iSX?f{c*jCir. ^fiia?)-o#«:j:or#(S 

n- h@6 44MT4IS (Xf^S 12 5)© 
14 0) KJtSoT, ^JS=i- hJ16 4±{Cg^a*-, 

I? «MT XS«ff 4: x. tt «fc l >. 

[0105] £Lhoj: ^K.mm^tvk.m3mtim<o^ 

3 occititf. -te^ - u-^©K{bk:J:-2)gfi4fi 
6i©ifJn («Stt(DfiT) J:0— JBW*. *Sft**f# 

r> miH*IW<!:igs©«S»S?fe*«^«--5cttcJ: 
•fe^'U-^*s»-ffc-r-SCitceHl,-Cjl!!5f4*fl6©14 

[0 10 6] -f&fc^. ^JS3-h®6 4«. ffifflL^ 
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«L#-C#£>#. *7-#>:3- h)16 6ffll©#ffi©ffi« 

•c. ±iebfc«t^{c^S3- H64±ic. m&mfrh 

fi£4S*Aa-h®2 6 8^fiX-r-5i. et&3-hJ12 

[0107] iiemanfigwria. m io 

©fiffiL^R (#8i0^i (0|*.t2xX) £/ctt££ 

(#!*.{** x<t-r>;^A©^£) ) (c^^-cjgfisur 

Jj£*W&:3-hS2 6 8*$6«:^e£-r5CiK:<fc.53fE 
[0108] ±fS3l3gyfe0«l©-te.'-tU-£2 3 0 

2 6 8«. TflPJ©Jl£«/£T*£Ja#S6tC££&tti£ 
&C?©*l»jl:pTtt&»£(cJf< («>-?#©$ ZuMfc 

#Jg^- h®6 4©^ffi©&{t£iW±-rSfc-W©gi5ft 

a* h**±#UT€f £©*«)*££<!:#-? »t3 

- HJ12 6 SZWOrt&Ct'C&.m^- VMQ 4<D$m<D 30 

m<tWfi±-CZ Z<D-C. -feAb- £ 2 3 0 ©SMIgtaSr 

[0109] */c. ±ie®3nss^r«. he 

6 4i*«SB6 0iora«:Tftb3-hJ16 2 4SW/c 

««SB6 0©^8«^g*^#k:attfttf, * 
£C>tt. ««^6 O©^l&!&0;&£:#l8T&£«#&t> 
*«2P6 0±(Citt^)Sn- HJ16 4&miZ> 
CiiltWU. C©*B£CCtt. £Jl=i- hJl 1 6 4 

^trassp 6 o ^mmr z&m&%ft.ic j: -asm 

-r^<D€rK»<*/c*tC. iin- HJ16 4£ft&tCJV<£ 40 

[0 1 10] ftaL//cmi ^C»U03Hi6Plt? 
«. ^13- h@iSfigp6 OioratcTift^- h®6 
2£KW/c#5. C0Taa-H6 2H, ««§B6 0<!: 

5. *©fc«>. S«956 Oi^SIn- h@<t©S«f4*i 

Tifis^- H6 24Rtf4«JfO«sre*-»r 50 
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[oiin s/c. nstmutcmimmw^om3mm 

C©J:5tc&Jf£Sfc/c«&tt s JBHWftrtnWWa 
[0 1 12] ft*. «$*4&ffeffl-fe^b-2M\ KiiLfc 

ttoJtfcr&»). cftKcfc^T. -b/ti — * ©»&tt (IS 

«. f6^L.fcSHSt0ll©«RR«C*Jt,»-C. *-jJf>3-h 

©?»* (Tffl"J©Ji©^ffi*}£pxS«l!j*^. mMfiet©t# 

[0 1 13] gi^L/fcSIS6^I-r , «. ^Xifcf^v 
©J: 5 fe^-Cttft < . K^L/cJ: ^ tcWA«y(XAiW 

3&»6RRs#R3-na6 4{c^r. ^akAaa*S6L/fc 

XX*>6fiS4^Sn- HB*«it4^AU-*©tt«e€: 
Sffi 0 fctt . ST 4 HJ6F!l*5<t Cfte 5 SISfeW i 1/ r ^ 

[01 14]@1 2-Cttt5?rff^o/c^-fe>'N , U-^«. 
JU3 3(BMl«©-b^U-*2 3 0£Rltt©4*Ji&&flUT*s 
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^. 012T?B. ^{C<t-oT^fiX^*l5it63- hmt 
J&fiSStl-STfl&n- h@<!:£{f;L£-te^U-£G (3*4 10 

[ o 1 1 5 ] c c-c. s i 2 (c*jt,^r mm&m&ia 

• &:&^£§8^£l£tcffl(,>;fc&+r^U--*B. ^ 

/c&feflH > tc-k U - ^ G £0 4 fUSfll© Hz ; x" U - £ . 
fcHz/SU-*G£SS5||SSW©iz^U-££D^„ & 

£T«&n- l-Jf <b. XXtC«fc-arj&jS3nS:£Si=i- h 
®£B. l*-rtii> 1 0 /im©J?3£L;fc. S/c, •fe-'-Cb 
-*E. F, GifllRR-r-SSSgPB. T^5--5A(cJ: 

Co i i 6 ] m i 2(c*jt>r. is^i^{c-pc>rp^A: 

TJBftOWftEtf«Mrr*&. 01 3B. &&l\s~$HC 
«£U -e-<D*f@i L/TlliS^ffi^ffl^. pH2. 8 0 

-* £AMa*&£®mccifcti& amiic&mvtcimv 
mammae*) ©> safe*. j&:ftmi££L,T«<j5£bfc 

(*tttt. //A/cm' ) . M]£4>#*&l,T<r*S'fc''< 

BM* £»*>T) #»IBt44ft«:WbWWi5. £c 
*f. c®<fc9&Afe«itB. pH2. 8 0*C©SfE&*tc 

[0117] H 1 2Ktet»T. SMSfaCDgfl:* 

©£ftm!n©^t£iB^fc*SJI|-C*S. rtttofc. 

GCC^T. 8 O'CTp H 2©5SK4>CC2 4ffifP^S^ 

U -en-en. ^©^^©JgSSaanG^ftfcSS^fc. 50 
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6ftf$U CCtCjgSifc ( 1 A) £l£l,-C-?-©Sf©SEE 
KT*»£U ®£ffi£S)Effi£a>£fiinffi£*«>-C. 
±sei,/cit«:<fc*&g©ilr&T?©fii/ifi§ (JfMffiSfcfg 
0/cfI) 4>£4k£H'*ft: (Jtffltt. mQcm 1 ) . & 
*J. CCTB, taBELT&#T&-fe;<U--££;tfXffi;iS[ 
mS£«r^n-lf/c^tt:©fitafii?:i'J5£L.T*j'5 > -fe^U 
- ^^ffi-C^C iSMStt^fcfc. *£*4SrfeX £ y 9 

[0 1 1 8] 01 2{C7K-TJ:^{C < XX#>f>J£££JS:3 

*MUM&SUfc-te''CU~*G <^4HJfiCT©-b^U- 
2) ££J:t©-r4£. -fe'S U- 3? G©**i«-S^(Cg|A 

S£l>;i£. CCr. -fe^U— *Ett. f ©^|g3- h 
@*«fiR-r^©^*>-(t<glSj*s. ■b/<I/-3rF(0#K 

3- hs^js-rsxx©^ ^xtrajsjet 9 fe/hsofc 

fe"u~*FtCtt:^TltftWftiX^3l>4S. XX* 
^aH^Lfct^U-^G (SMUJSflfcD-fe^U-*) 

OltefltiftB. C©-fe^ U - £ e ©JB^msSfctt^r 4> 

(]HMtaUKttft2 0#© 1 tTFtcW&en 

4) . 

coii9] K^o/ct^fc. fgftmm&fflm.? zvzic 

«. -e©/?$*«0. l/im£gi<. C©SHftn-h®{c 

J: -»r u- * ©8H6tt*Hi«-r4 cc«^+^Jii[ s 

l&zft< l cm-&mi&&'fr 3 < & -5 C <t *> 6 . XX©J;^& 

©j^iSc-fe^u-^Gccfct^T. ieaiL//c^isst«j©«t^ 

©SWW^cfi6ffl(C feff^. ^ «fc «3 « n/cBA^^rd^- -S H2 

U-^E~G (C©£*©-fe^U-*G«. ^5HiS^ 
O-b/tu-*) B. a#JS (SR) 

RS<') CiJCtot, flEn/ctt#g©-fe>'<U-^ ; &f#'SC 
[0 120]ftte, 0 1 2{C^L / /c^5j|J60!I©-fe^<b 



(17) 



31 



n>r#fil4*5t«ur t i5!«©«ft/ctt&£-fe;"iu-* 

CO 1 2 1 ] H 1 4 tt. *f£9JK»-3<,>TJ!SfcoJtl&-fe 

^u-*©.m*££«>;rci&93g-c&.5. smites'? io 

<-fe^U-*tt. •fe<*U-*«*. 3rS©*&g©W«L 

©Wfct h«©W*i. *7-#>=>- f-Ji©?r& 

(CHUT. •feAU-^O&ffl^tttC^tottT. 014© 

C0122] U±*^©n*te^|ccoc^rittWL//c*^ 

[03D©fgW«CtSBJ] 20 

[0 1 ] #«9J©SF&&— HJfeedr&S-fe^b-SS 0 
©»r®©S^?r^WtC**?-r IftBJSr $> £ . 

[02] *-fe;l/2 8©^?rPll7n-rS»fSmiC0'C* 
*. 

[03 ] i|Mz;U2 8©^£^feT#J5mt&0-C&-5. 

[04 ] x z ? 1 4 ©wissbtwaar* 
[05] *^u-*3 o ©«iigxg«:at>rittW0-r * 

[H8] 3S;-j|f>3-hJi6e©«teS*«KCWtt:aitor 30 
3iW0-r*-6 o 

[07] -fe/"Cu-*3 o*«jg-rsis©fii^*a*3-rsi 

HJ0-C&S. 

[08] «*©Hz^U-£K#l,T^;£©#ig£J&U 

$ss©wr i &<t rSfliffiln©±^©8i^^is^/cM* ; & 

[09] *^u-*3 o<Dm&xm<D9mm%mt>?m* 
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[010] ■fe-rv u-* i 3 o©«eS;*«*>-rittHJ0-c* 

a. 

[011] -fe^-U-^2 3 O©«fi£*^t>-rsttHJ0-C* 

[012] m&khtc?.xm*&z.m'*\s-z<Dmfe* 
mf& L//cts**a^-riJiW0-c*4. 

[0i3] K^rnis?:a!isrss^*^-rittW0-c* 
a. 

[014] *^©HJfi©.®BI^Si*A:giBJHr& 
[#-st©iB9» 

1 4- ?**8j6 

2 1 

2 2-T^-K 

2 4P- ■mn#zm& 

2 5P-BMb#*ja» 

2 8 -i|i-fe.>U 

30. 1 3 0. 2 3 0— fe^U-* 
30a. 3 0b—- fe^u— £ 

3 6. 3' 7 

3 6 A. 3 7 A-a^jiSgT- 

3 8. 3 9 

4 0.41 -x> K^u- h 
4 2 •••j&*4#X{*J6?L 

4 4 • ■mtxzm&n 

5 0.5 i-ja»4^n 

5 2. 5 3-Sfb^?t 

5 4. 5 5 - yy 

6 0 -«ffigf5 

6 2 -Titt=i- hJl 
64. 1 6 4- ■#IR3— h 

1 6 5 -mm&n? 

2 6 8-ifitd=i- hm 



[01] [06] [013] 




pH2«iK80t:) 
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[@2] [03] 




[010] [011] 
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A: Sn-Bu »W&3fcL 
B: Sn-Bi. 
C: Sn-BU 



[HI 2] 





(pA/cm^ 


CmQcm9 


E : 0. 1 ji mAg/ 10 » mCu 


6.9 


10KT 


P:0.1 ^ mAg/10 ji mSoCfcftSD/lOtf mCu 


21.9 


10»T 


C: 0.1 n mAg/lO* mSo<S»U&a)/10p mCu 


0.3 


10SIT 



•1 : *mtti^z*-x^~hm$rBJL-ri-ft^ti± 
*2 : #l*m^**#~#^-h*^;t^tt«^*£;fc 
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